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Abstract
Engineering R&D personnel's performance is different from the general staff performance, so the assessment for 
them must be different. How to accurately measure performance of R&D staff has become a major problem. After 
considering the work characteristics of the engineering R&D staff, this paper designs performance indicators based 
on morality, ability, diligence, and performance and then uses AHP to determine the weight of every index; then 
fuzzy evaluation method is used to design performance appraisal model, to overcome the issue of quantifying the 
engineering R&D performance. Finally, this paper demonstrates performance appraisal model that is feasible and 
practical through empirical research.
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1. Introduction
In the era of knowledge-based economy, enterprises pay more and more attention to their R&D 
activities. Due to uncertain R&D cycle, difficulty to monitor the work process and measure the individual 
performance, etc., engineering R&D performance is different from others. But many businesses use the 
same assessment criteria to measure their engineering R&D staffs, which can not accurately reflect the 
true performance of them and are an ineffective incentive. Therefore, we need to design a separate 
performance appraisal system, which can measure engineering R&D personnel performance at a scientific, 
accurate and fair level [1].
Currently, study for engineering R&D staff mainly concentrates on some of qualitative description, 
such as analyzing the R&D personnel work characteristics, finding the factors affecting the performance 
of R&D staff, and proposing targeted incentives [2]. Some scholars have related to the issue of R&D
assessment, but they mostly only analyzed the current situation assessment and proposed assessment
principles and then mentioned simply the choice of indicators. Therefore there was little academic in-
depth to analysis and quantitatively research the performance appraisal model of engineering R&D 
personnel [3; 4].
The objectives of this paper are: (1) to establish an engineering R&D performance appraisal index 
system, which use AHP to quantify each index weight, and (2) to design a practical and applicable
engineering R&D personnel's performance appraisal model.
2. Establishing of the performance appraisal indicators system
2.1. Design appraisal indicators
The Engineering R&D personnel's performance appraisal is a complex issue. Taking scientific 
principle, reasonable principle and operation principle into account, we establish a hierarchy indicators
system based on the characteristics of analytic hierarchy process [5].
In many cases, engineering R&D personnel's performance cannot completely determined by the 
quantity and quality of work, especially in a large-scale project. So we use cluster analysis to obtain a 
complete index system. Specifically, we use the personal qualities, team spirit, work attitude, work 
performance as the final aim index (first layer) and then subdivision sixteen indicators as the criteria 
(second layer) Table 1.
Table 1 R&D performance evaluation index system
First layer Second layer
Personal Qualities A1
Level of Knowledge B1, Ability to Learn B2
Innovation B3, Problem-solving 
Team SpiritA2
B4
Communication C1, Team Loyalty C2,
Spirit of Cooperation C3, Confidentiality
Work Attitude A3
C4
Work responsibility D1, Motivation D2, Discipline D3
Work  Performance A4
Published E1, Number of projects E2, Role of in the project E3,
Completion of the project progress E4, Temporary production tasks E5
2.2. Determine the weighting value of every index based on AHP
The results of the assessment were influenced by indicators. Usually, Enterprises use AHP, Delphi 
method, level sequence method or the dual-weighted method to determine the index weight, but Delphi 
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method and the sequence-level qualitative analysis method mainly depend on the experience of experts 
and evaluators who make judgments, which have large subjectivity [5]. Therefore, this paper takes AHP 
to fix the weight of indicators.
AHP (Analytic Hierarchy process) is a systematic analysis method, which is widely used in multi-
criteria decision [6]. It takes the determining process into hierarchical and quantitative, and then contrasts
every two indicators to build a judgment matrix. Due to the combination of qualitative judgments and
quantitative inference, the results are scientific and practical.
The Analysis steps are:
(1) Give the weight scale and its implications.
    (2) Establish judgment matrix. According to AHP, we determine the relative importance of indicators 
(Table 1), and then form U-A layer, A1-B layer, A2-C layer, A3-D layer, A4-E layer, A5-F layer
judgment matrix. For example, U-A level judgment matrix is:
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(3) Calculate the weight of each index. Let W = (w1, w2, …, wn) as the weight vector, which
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(4) Consistency test. Firstly, calculate the consistency index CI:
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Then find the corresponding average random consistency index RI (from Table 2):
Table 2 Average random consistency index
N 1 2 3 4 5 6 7 8
RI 0 0 0.58 0.89 1.12 1.24 1.32 1.41
(1)
(2)
(3)
(4)
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Finally, calculate the random consistency index CR,





≥
<
=
=
1.0
1.0
0
RI
CICR
3. Establishment of the performance appraisal model based on fuzzy comprehensive evaluation
In enterprise, engineering R&D team can be divided into engineering R&D managers and engineering 
R&D personnel. In order to fully reflect the true performance of staff, this paper builds specific 
assessment model. Engineering R&D managers’ appraisal model is combined by the assessment of direct 
superior, evaluation of subordinate and self-assessment; engineering R&D personnel appraisal model is a 
combination of assessment for direct superiors, evaluation colleagues and self-assessment [7].
3.1. Determination of fuzzy appraisal matrix
(1) Determine the weight of assessors. Assessors are consisted by direct superiors, subordinates or 
colleagues and themselves. As the direct supervisor can all-around understand the job duties and work of 
his subordinates, in the evaluation, the weight of them were Z = (z1, z2, z3) = (0.4, 0.3, 0.3).
(2) Determine the domain of U. Let U = (Bi, Ci, Di, Ei, Fi) T (i = 1, 2... n).
(3) Determine the level of index. Determine the level of index to get a fuzzy evaluation vector, which
can reflect the feature of fuzzy evaluation. The level of R&D personnel’s appraisal is domain of V = (v1, 
v2, ..., vm) ,in which rj signify evaluation criteria. Evaluation criteria should be based on the actual 
situation, and this paper divides evaluation criteria into five grade levels. That:
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3.2. Establishment of fuzzy comprehensive appraisal model
(1) Determine the appraisal matrix. Appraisal matrix is the relationship between the appraisal 
indicators and appraisal levels, which is fuzzy relations from U to V, we sign:
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elements rij( i=1, 2,…,5; j=1, 2,…,m) indicate that index Uj is named the 
membership of Vi. The assessors give three appraisal matrixes. R1, R2, R3.
A has full consistency; 
A has satisfactory consistency;
A has non-satisfied consistency.
(5)
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(2) Calculate the score of fuzzy comprehensive evaluation. Firstly, row vectors of the appraisal matrix 
are normalized. Then calculate the score that each assessor give for indicators Xi = V • Ri,( which i = 
1,2,3). Finally, calculate the total score of each indicator Y = Z • (X1T, X2T, X3T) T.
(3) Evaluate the results. The total score of engineering R&D staff is equal to each index score
multiplied by the weight of assessor. That is W • YT.
4. Analysis of applied case
4.1. Determine the weight of each index
(1) Determine the expert evaluation team. The team consists by senior leaders, human resource 
specialists, R&D managers and representatives of R&D.
(2) Determine the judgment matrix. According to AHP, the experts compare with the relative 
importance of the same floor indicators, which will form U-A layer, A1-B layer, A2-C layer, A3-D layer, 
A4-E layer judgment matrix.
(3) According to formula (2), (3), we calculate the weight vector of the judgment matrix and the 
largest eigenvalue; basing on formula (4), (5), we calculate the consistency of the judgment matrix.
Calculation is Table 3 to Table 7.
Table 3 U-A layer judgment matrix 
First 
layer U
Personal 
QualitiesA1
Team 
SpiritA2
Work 
Attitude A3
Work  
Performance A4
Level of 
weight Pi
A1 1 1/2 1/2 1/3 0.123
A2 2 1 1 1/2 0.227
A3 2 1 1 1/2 0.227
A4 3 2 2 1 0.423
maxλ =4.01, CI=0.003, RI=0.89, CR=0.004<0.10.
Table 4 A1-B layer judgment matrix
Second 
layer A1
Level of 
Knowledge B1
Ability to 
Learn B2
Innovation 
B3
Problem-
solving B4
Level of 
weight Pi
Total weight 
Wi
B1 1 1 1/2 1/3 0.149 0.019
B2 1 1 1/2 1/2 0.163 0.020
B3 2 2 1 1 0.326 0.040
B4 3 2 1 1 0.362 0.044
maxλ =4.02, CI=0.007, RI=0.89, CR=0.008<0.10.
Table 5 A2-C layer judgment matrix
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Second 
layer A2
Communication 
C1
Team
LoyaltyC2
Spirit of 
Cooperation C3
Confidentiality 
C4
Level of 
Weight Pi
Total 
weight Wi
C1 1 1/2 1/2 1 0.170 0.039
C2 2 1 1/2 1 0.239 0.054
C3 2 2 1 2 0.394 0.089
C4 1 1 1/2 1 0.197 0.045
maxλ =4.06, CI=0.02, RI=0.89, CR=0.023<0.10.
Table 6 A3-D layer judgment matrix
Second 
layer A3
Work responsibility 
D1
Motivation 
D2
Discipline 
D3
Level of weight 
Pi
Total 
weight Wi
D1 1 1/2 1/3 0.170 0.039
D2 2 1 1 0.387 0.087
D3 3 1 1 0.443 0.101
maxλ =3.02, CI=0.01, RI=0.58, CR=0.016<0.10.
Table 7 A4-E layer judgment matrix
Second 
layer A4
Published 
E1
Number of 
projects E2
Role of 
project E3
Completion of 
project E4
Production 
tasks E5
Level of 
weight Pi
Total 
weight Wi
E1 1 1/2 1/4 1/3 1/3 0.072 0.031
E2 2 1 1/2 1/2 1/3 0.123 0.052
E3 4 2 1 2 1 0.305 0.129
E4 3 2 1/2 1 2 0.256 0.108
E5 3 3 1 1/2 1 0.244 0.103
maxλ =5.21, CI=0.052, RI=1.12, CR=0.046<0.10.
From above calculation can be inferred that each judgment matrix meet the consistency test, so the 
result is available.
4.2. Calculate the score of R&D personnel
The following is an evaluation matrix from direct superiors:
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The each index score is V • R1; the final score of the engineering R&D staffs given by their direct
superiors is Y1=W·(V·R1)T=(0.019, 0.020, 0.040, 0.044, 0.039, 0.054, 0.089, 0.0450, 0.039, 0.087, 
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0.101, 0.031, 0.052, 0.129, 0.108, 0.103)·(76, 79.5, 71.5, 74, 75, 74.5, 74, 73.5, 74, 77.5, 76, 65.5, 78.5, 
82, 76.5, 77.5)T=76.23.The calculation shows that the result of engineering R&D personnel is at good 
level given by his direct superior. Similarly, calculate the score by his colleague’s evaluation and self-
evaluation. Then the total score is that plus the score of each assessor multiplied by the weight of 
assessor.
5. Conclusions 
In the actual work, the fuzzy comprehensive appraisal model is simple and operable; and the result of 
fuzzy comprehensive evaluation can provide an important basis for executives and human resource 
manager to make decision.
Firstly, this paper using AHP to determine the weights of the engineering R&D staff performance
indicators which combine with the qualitative evaluation and quantitative analysis, so we effectively 
solve the question that the weights of indicators are not comparable.
Secondly, using fuzzy comprehensive evaluation to design engineering R&D staff performance 
appraisal model, we make a quantitative appraisal system; using multi-agent evaluation, to some extent, 
we can overcome the errors causing by personal subjective judgment.
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